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APS：Ammonium Persulfate，过硫酸铵  
ATP：Adenosine-triphosphate，三磷酸腺苷 
BSA：Bovine serum albumins，牛血清蛋白 
CHAPS： 3-[(3-Cholamidopropyl) dimethylammonio]propanesulfonic acid，3-[3-(胆
酰胺丙基)二甲氨基]丙磺酸内盐 
Chl-a：Chlorophyll-a，叶绿素 a 
DIN：Dissolved inorganic nitrogen，溶解无机氮 
DIP：Dissolved inorganic phosphorus，溶解无机磷 
DNA：Deoxyribonucleic acid，脱氧核糖核酸 
DOM：Dissolved organic material，溶解有机物 
DON：Dissolved organic nitrogen, 溶解有机氮 
DTT：Dithiothreitol，二硫苏糖醇 
2-DE：Two dimentional electrophoresis，双向电泳 
EDTA：Ethylenediaminetetraacetic acid，乙二胺四乙酸 
FAD：Flavin adenine dinucleotide，黄素腺嘌呤二核苷酸 
GOGAT：Glutamine 2-oxoglutarate aminotransferase，谷氨酸合成酶 
GS：Glutamine synthetase，谷氨酰胺合成酶 




NADH：Nicotinamide adenine dinucleotide，烟碱腺嘌呤二核苷酸 
NADPH：Nicotinamide adenine dinucleotide phosphate，烟碱腺嘌呤二核苷酸磷酸 
NiR：Nitrite reductase，亚硝酸还原酶 
NR：Nitrate reductase，硝酸还原酶 
NRA：Nitrate reductase activity，硝酸还原酶活性 















POM：Particulate organic material，颗粒有机物 




SDS：Sodium decdecyl sulsfate，十二烷基磺酸钠 
SST：Surface sea temperature，表层海水温度 
ST：Sea temperature，海水温度 
TCA：Trichloroacetic acid，三氯乙酸 
































厦门大学博士论文  台湾海峡上升流区浮游植物对氮营养盐的生理生态响应 










植物 GS 的提取方法。结果表明，高速离心法（HC, <10, 000g） 适合硅藻和硅
藻占优势的样品中 GS 的提取，而超滤离心法（UF）则比较适合甲藻和甲藻占优
势的样品中 GS 的提取。比较高速离心法不同离心力和离心时间的结果表明，当
离心力为 10,000g，离心时间为 35min 时，GS 的提取效果 佳，GS 的活性（GSA）
高。该方法克服了船上离心机离心法的限制，为开展海上 GSA 研究提供了有
效的方法； 



























摘    要 
硝酸盐和氨氮条件下的两倍；其生长不仅与现场营养盐的绝对浓度有关，还受到
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Abstract 
 
This study investigated the physiological response of phytoplankton to variations 
in nitrogenous nutrients in the upwelling area of the Southern Taiwan Strait using a 
field survey, ship-based mesocosm experiments, in situ culture experiments and 
laboratory-based experiments, The nitrogenous nutrient requirements, uptake kinetics, 
nitrogen-assimilation enzyme activities and kinetics, and proteomics of a dominant 
phytoplankton species, Asterionellopsis glacialis (Round, 1990), were investigated in 
this study using the combined methodologies of enzymology, physiology and 
proteomics. Blooming formation mechanisms of the dominant species and response 
mechanisms of phytoplankton species to nutrient supplements are discussed, and a 
comparison made between the in situ data and results at the enzymatic and molecular 
levels. The main results were as follows:  
 
1. Crude enzyme preparation methods of glutamine synthetase (GS) were 
optimized. The results showed that high-speed centrifugation (HC, <10, 000g) was 
the best method for preparing the crude enzyme for GS analysis in diatom species and 
diatom-dominated samples, while ultrafiltration (UF) with 10kD molecular weight 
cutoff is the best method for the extraction of GS from dinoflagellate species and 
dinoflagellate- dominated samples. The optimal centrifugal speed and time for the HC 
method, were 10,000g and 35min. Furthermore, this method is easy and practical to 
operate at sea for in situ studies of GS activity (GSA). 
2. The results from the in situ mapping survey, upwelling tracing experiments, 
ship-based mesocosm experiments and in situ culture experiments carried out in the 
upwelling area of the Southern Taiwan Strait in 2005 and 2006 showed both nitrogen 
and phosphorus limitation for phytoplankton during the non-upwelling period, and 
nitrogen limitation was more severe than phosphorus, but no silicon limitation was 
found. During the survey period in 2005, there was a strong upwelling characterized 
by intermittent pulses in the upwelling zone, and nitrogen supplementation was the 
main factor resulting in phytoplankton blooms of diatoms such as A. glacialis.  
3. The results for nitrate reductase activity (NRA) and glutamine synthetase 
activity (GSA) of in situ phytoplankton samples showed that NRA and GSA were 















nitrogenous nutrients, Chl-a concentration and the light/dark cycle. There was a 
time-lag between nitrate addition and NRA. In the steady environment, NRA showed 
a positive relationship with nitrate concentration, while in a dynamic environment, 
NRA reflected the nitrate concentrations which existed before sampling. GSA showed 
a positive relationship with ammonium concentration. During nitrate assimilation by 
the phytoplankton, there was a time-lag between NRA and GSA which resulted in a 
negative relationship between NRA and GSA during the course of upwelling. 
4. Studies on the nitrogenous nutrient physiology of the dominant phytoplankton 
species, A. glacialis, showed that, if it was grown in the same concentrations of 
nitrate and ammonium, it presented the same growth rate and the highest cell density. 
However these were doubled when it was grown in the same concentration of urea. 
N/P ratio influenced the growth of A. glacialis and a ratio of 20:1 was optimal, which 
was higher than the optimal ratios of other algae. In terms of phosphor, A. glacialis 
could not store nitrogen and the nitrogen absorbed into its cells was assimilated 
quickly for cell growth and division. A. glacialis adopted a growth strategy for 
nitrogen combined with a high affinity strategy, and this enabled A. glacialis to grow 
quickly when nutrients were added.  
5. Comparison of the nitrogenous nutrient physiology of A. glacialis and a 
non-dominant species Thalassiosira weissflogii (Fryxell & Hasle, 1977) during the 
upwelling period showed that both species could use nitrate, ammonium and urea as 
nitrogenous sources. A. glacialis had a higher growth rate and cell density than T. 
weissflogii under the same nitrogenous nutrient concentrations. A. glacialis also 
showed a higher affinity towards nitrogenous nutrients than T. weissflogii, which 
resulted in a competitive advantage in nitrogen limited environments. Nitrogen 
assimilation enzyme activities and enzyme kinetics showed that the composition of 
NR and GS was different in these two species, and that the highest enzyme activities 
in T. weissflogii were higher than those in A. glacialis, but that the response of 
enzymes to nitrogen supplementation was slower than in A. glacialis. These 
physiological characteristics enabled A. glacialis to grow and divide quickly and so 
become the dominant species in the upwelling area. 
6. Monthly variations in growth rates and cell densities of A. glacialis indicated 
that an endogenous circannual rhythm might exist in the cells of A. glacialis. The 
highest growth rates and cell densities were observed in June and July 2007, the same 
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weissflogii did not show this rhythm. The rhythm in A. glacialis might be related to 
long-term adaptation to the seasonal changes in the water environment in the 
upwelling area. The endogenous circannual rhythm together with other environmental 
factors such as nutrient supplementation resulted in a competitive advantage to A. 
glacialis over the other species. 
    7. Results from proteomic studies of A. glacialis showed that the protein patterns 
of A. glacialis in different growth phases and different nutrient conditions varied 
significantly: some protein spots, such as Ag1, Ag2, Ag3, Ag4 and Ag8 were 
expressed remarkably well during the exponential phase, while some protein spots, 
such as phosphoenolpyruvate carboxykinase protein appeared only during the steady 
and declining phases. This variation of proteins indicated the different metabolic 
processes in different growth phases. After nitrate or ammonium was added to 
nitrogen-starved A. glacialis, several specific proteins related to nitrogen, such as 
ATPase, were found. Specific proteins were also found both during phosphate limited 
conditions and after phosphate addition, and it is likely that these proteins might be 
related to the adaptation of algal cells to nutrient stress, and involved in nutrient 
metabolism, thus ensuring that the cells survive. 
 
Key words: Taiwan Strait, upwelling, phytoplankton, Asterionellopsis glacialis, 
Thalassiosira weissflogii, nitrogenous nutrients, nitrate reductase (NR), glutamine 
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